Knowing that dihydrofolate reductase (DHFR) is the primary target enzyme for antifolate drugs and 1,3,5 -triazine derivatives containing various amino groups at position 2, 4 or 6 have been known as potent anticancer drugs, two series of tri-amino-substituted 1,3,5-triazine derivatives were designed, synthesized and evaluated as cytotoxic agents against non-small cell lung cancer (A549). The first series are N 2 -(4-phenylthiazol-2-yl)-1,3,5-triazine-2,4,6-triamine analogs and the second series are4-((4,6-Diamino-1,3,5-triazin-2-yl)amino)-4H-1,2,4-triazole-3-thiol analogs. Out of twenty two synthesized compounds there were thirteen compounds showed a higher cytotoxic activity against A549 cell line than methotrexate and four compounds were equipotent to methotrexate. Compounds 8e, 9a, 10e and 11e showed the highest cytotoxic activity with IC50 values of 50,42, 62 and 28 nM respectively. Molecular docking study was performed to interpret the comparative differences in the binding interactions of the synthesized novel compounds at molecular level as inhibitors of human dihydrofolate reductase (hDHFR)and to understand the structure activity relationships. The excellent anticancer activity of synthesized analogs presented in this study needs further investigation as highly promising cytotoxic lead agents against lung cancer.
INTRODUCTION
Cancer is one of the leading causes of death in the world, particularly in developing countries (WHO Fact sheet on cancer, 2015). It accounts for 8.2 million deaths in 2012 (WHO, 2012 (WHO, , 2015 . Worldwide, lung cancer is the most common cancer among men in terms of both incidence and mortality, while among women has the third highest incidence, and is second after breast cancer in mortality (WHO, World Cancer Report 2014 . Dihydrofolate reductase (DHFR) inhibition has long been identified as an important target for the development of chemotherapeutic agents against bacterial and parasitic infections as well as cancer (Anderson and Wright, 2014; Al-Rashood et al., 2014) .This considerable pharmacological interest in DHFR is due to that enzyme inhibition results in depletion of intracellular reduced folates necessary for one-carbon transfer reactions which, in turn, are important for the biosynthesis of thymidylate, . ovarian and breast cancers (Kumar et al., 2014) .1,3,5-triazine derivatives containing various amino groups at position 2, 4 or 6 have been known as anticancer drugs (Sączewski et al., 2006) . Aiming at discovering new antitumor agents, two different novel series of 1,3,5-triazine derivatives were designed, synthesized and evaluated as potential cytotoxic agents against non-small cell lung cancer (A549). The first series was designed to have a substituted thiazole ring (series A) while the second series would contain a substituted triazole ring (series B) as shown in Figure 1 . Two model compounds with phenyl ring would also be synthesized to be compared with the activity of our target compounds ( Figure  1 ).Different strategies have been employed for the synthesis of mono, di-or tri-substituted triazines (Daniel et al., 2004) . The most important starting compound for preparing substituted triazines was the commercially available, cyanuric chloride which was very inexpensive (Blotny, 2006) . The reactivity of its chlorine atoms towards nucleophiles was controlled by temperature.
Molecular docking study was performed for synthesized compounds along with the reference molecule, methotrexate (MTX) into the active site of hDHFR enzyme using FlexX module in LeadIT 2.1.8 software-package (BioSolveIT, 2014) . Molecular docking study aims to interpret the comparative differences in the binding interactions of the synthesized novel compounds at molecular level as inhibitors of hDHFR to understand the structure activity relationships.
MATERIAL AND METHODS

Chemistry
Melting points were determined on a Stuart SMP10 capillary melting point apparatus and are uncorrected. Elemental analyses were performed by Main Defense Chemical Laboratory, 17 Km Cairo-Suez Road, Almaza, Cairo, Egypt. New compounds were analyzed for C, H, N, S and were within ± 0.4% of the theoretical values. Nuclear magnetic resonance (NMR) spectra were recorded on a BRUKER (400 MHz) spectrometer, faculty of science, Kafrelsheikh University, Kafrelsheikh, Egypt. Chemical shifts are expressed in  ppm with reference to tetramethylsilane (TMS). All organic reagents used were obtained from SigmaAldrich Chemical Company, Germany and were used without further purification. Silica gel chromatographic sheets were used for thin layer chromatography (TLC) using pre coated aluminumbacked plates (Merck, silica gel 60 F 254 ). Compounds were visualized with 254 nm UV lamp and the eluent used was chloroform: methanol (9:1).
General procedures for synthesis of compounds 1a-c
Suspend 3.8 g (50 mmol) thiourea in 10 ml water. Add (50 mmol) of 4-substituted phenacyl bromide over a period of 30 minutes. Thiourea dissolved as the reaction proceeds and the yellow solution was heated under reflux for 2 h. After cooling the reaction mixture in an ice bath add with stirring 2 g of solid sodium hydroxide. The formed solid was collected, washed several times with distilled water to remove excess of alkali and recrystallized from aqueous ethanol (El-Din et al,. 1998).
General procedures for synthesis of compounds 1d-e
Thiourea 7.6 g (100 mmole) and iodine (12.7 g (50mmole) were triturated and mixed with 4-substituted acetophenone (50 mmole) in dimethyl formamide (50 ml). The mixture was heated on water bath with stirring for 30 h. The heated solution was poured in distilled water; and the formed precipitate was filtered off and recrystallized from aqueous ethanol (King and Hlavacek, 1950) .
Thiocarbohydrazide (2)
To a vigorously stirred solution of (125 g, 2.5 mol) hydrazine hydrate in 75 ml of water, carbon disulfide (38 g, 0.5 mole) was added drop wise. The reaction mixture was heated at reflux for 30 min, cooled in an ice bath for 30 min and the precipitated colorless crystals was filtered off, washed with ethanol and ether, and dried. The mother liquor was returned to the reaction flask and the process repeated twice, after which no more thiocarbohydrazide was obtained. The obtained product recrystalized from the minimum amount of water acidified with few drops of conc. HClas colorless crystals with yield of (45.10 g, 85%), melting point (170-171°C) which is agreed with the reported data (Audrieth et al., 1954) .
General procedures for synthesis of compounds 3a-d
Thiocarbohydrazide (2) (5.3 g, 50 mmol) was stirred with the appropriate carboxylic acid (10 ml) and was heated to boiling for 20 min. After cooling the reaction mixture was diluted with ethyl acetate to give a white precipitate. The precipitate was filtered, washed with water and dried. The products were crystalized from aqueous ethanol (El-Din et al,. 1998 ).
Benzhydrazide (4)
Benzhydrazide was synthesized by heating ethyl benzoate (30.0 g, 0.2 mol) with 98% hydrazine hydrate (50 g, 1 mol) under reflux for 3 h. The reaction mixture was cooled and diluted with water. The separated solid was filtered and crystallized from ethanol. Benzhydrazide (5) was obtained as light brown crystals with a yield of (8. 44 g, 31%), melting point (111-113 °C) which agreed with the reported data (Heilbron and Bunbury, 1934) .
Potassium 3-benzoyldithiocarbazate (5)
To an ice cooled solution of potassium hydroxide (8.41 g, 0.15 mol) in absolute ethanol (200 ml) containing the benzhydrazide (5) (13.61 g, 0.1 mol), carbon disulfide(11.4 g, 0.15 mole) was added drop wise. The mixture was diluted with absolute ethanol (150 ml), and stirred at room temperature for 16 h. Dry ether (200 ml) was then added and the separated solid was filtered, washed with ether and dried. The product obtained in nearly quantitative yield and was employed in next reactions without further purification (Reid and Heindel, 1976; El-Din et al,. 1998 ).
5-phenyl-4-amino-s-triazole-3-thiol (3e)
A suspension of potassium-3-benzoyldithiocarbazate (4) (5.0 g, 0.02 mol), 98% hydrazine hydrate (2 g, 0.04 mol) in water (20 ml) were heated under reflux while stirring for 1 h. Cold water (100 ml) was added and the mixture neutralized with concentrated hydrochloric acid. The separated solid product was filtered, washed with cold water, dried and crystalized from aqueous ethanol. Compound (3e) (2. 89 g, 75 %) was obtained as white solid, melting point (204-206 °C) which is agreed with the reported data (Reid and Heindel, 1976; El-Din et al,. 1998 ).
General procedures for synthesis of compounds 6a-6e
To a stirring suspension of (10 mmol) cyanuric chloride and (10 mmol) potassium carbonate in methylene chloride.The corresponding 4-(4-substitutedphenyl)thiazol-2-amine (1a-1e) (10 mmol) was added. The reaction mixture was left 72 h at room temperature. The reaction mixture was partitioned between methylene chloride (250 ml) and HCl (0.1 M, 500 ml). The collected organic layer was washed with dist. water (3x75 ml), brine solution (50 ml), dried over anhydrous magnesium sulfate and then evaporated under vacuum to obtain the pure product.
N-(4,6-dichloro-1,3,5-triazin-2-yl)-4-phenylthiazol-2-amine (6a)
From cyanuric chloride (1.84 g, 10 mmol), potassium carbonate (1.38 g, 10 mmol) and compound (1a) From cyanuric chloride (1.84 g, 10 mmol), potassium carbonate (1.38 g, 10 mmol) and compound (1b) (2.1 g, 10 mmol), compound (6b) (2.4g, 68 %) was obtained as light yellow solid, melting point (169-171°C), 1 H-NMR (DMSO-d 6 , ppm) δ: 7.28 (1H, s, CH of thiazole ring), 7.43 (1H, s, NH), 7.47 (2H, d, J=7.6 Hz, Ph 3, 7.63 (2H, d, J=7.6 Hz, Ph 2, .
N-(4,6-dichloro-1,3,5-triazin-2-yl)-4-(4-methoxyphenyl)thiazol-2-amine (6c)
From cyanuric chloride (1.84 g, 10 mmol), potassium carbonate (1.38 g, 10 mmol) and compound (1c) N-(4,6-dichloro-1,3,5-triazin-2-yl)-4-(p-tolyl)thiazol-2-amine (6d) From cyanuric chloride (1.84 g, 10 mmol), potassium carbonate (1.38 g, 10 mmol) and compound (1d) (1.90 g, 10 mmol), compound (6d) 
General procedures for synthesis of compounds 7a-7e
To a stirring suspension of (20 mmol) cyanuric chloride and (20 mmol) potassium carbonate in methylene chloride, (10mmol) of the corresponding 4-amino-5-substituted-4H-1,2,4-triazole-3-thiol (2a-e) was added. The reaction mixture was stirred for (24-48) h at room temperature. The reaction mixture was partitioned between methylene chloride (250ml) and HCl (0.1 M, 500 ml). The collected organic layer was washed with dist. water (3x75 ml), brine solution (50 ml), dried over anhydrous magnesium sulfate and then evaporated under vacuum to obtain the pure product. From cyanuric chloride (3.68 g, 20 mmol), potassium carbonate (2.76 g, 20 mmol) and compound (2b) (2.6 g, 20 mmol), compound (7b) was obtained as light yellow solid with yield of (1.85 g, 33.25%) after 36 h, melting point (190-192°C) 
4-((
General procedures for synthesis of compounds 8a-8e
Excess ammonium hydroxide solution (25 ml, 28%) was added to (3 mmol) of the corresponding thiazole derivative (6a-6e) and (0.82 g, 6 mmol) potassium carbonate. The reaction mixture was heated under reflux for 72 h. The reaction mixture was partitioned between methylene chloride (250ml) and HCl (0.1 M, 500 ml). The collected organic layer was washed with dist. water (3x75 ml), brine solution (50 ml), dried over anhydrous magnesium sulfate and then evaporated under vacuum to obtain the pure product. Crystallization from aqueous ethanol is carried out for more purification. From excess ammonium hydroxide solution (25 ml, 28%), compound (6a) (0.97 g, 3 mmol) and potassium carbonate (0.82 g, 6 mmol), compound (8a) was obtained as light orange solidin the yield of(0.27 g, 32%), melting point (205-207°C). C, 50.51; H, 3.89; N, 34.36; S, 11.24. Found: C, 50.43; H, 4.01; N, 34.55; S, 11.03 . From excess ammonium hydroxide solution (25 ml, 28%), compound (6b) (1.07 g, 3 mmol) and potassium carbonate (0.82 g, 6 mmol), compound (8b) was obtained as off white solid in the yield of (0.26 g, 28%), melting point (245-247°C). H, 3.15; N, 30.66; S, 10.03. Found: C, 44.84; H, 3.29; N, 30.45; S, 10.15 . From excess ammonium hydroxide solution (25 ml, 28%), compound (6d) (1.01 g, 3 mmol) and potassium carbonate (0.82 g, 6 mmol), compound (8d) was obtained as white solid in the yield of (0.26 g, 30%), melting point (146-148°C). 
General procedure for synthesis of compounds 9a-e
Excess cyclohexylamine (2.3 ml, 20 mmol) was added to a suspension of (3 mmol) of the corresponding triazole derivative (6a-6e) and (6 mmol) potassium carbonate in tetrahydrofuran. The reaction mixture was heated under reflux for 72 h. The solvent was evaporated under vacuum and a dark brown viscous residue was obtained for all compounds except compound 10e which gave solid mass.
The residue was suspended in methylene chloride and was partitioned between methylene chloride (250ml) and HCl (0.1 M, 500 ml).
The collected organic layer was washed with dist. water (3x75 ml), brine solution (50 ml), dried over anhydrous magnesium sulfate and then concentrated under vacuum. The desired compound was precipitated from the organic solution by adding acetonitrile drop by drop till no more solid was precipitated. The precipitated solid was then filtered and purified by crystallization from aqueous ethanol. , 62.60; H, 6.93; N, 20.44; S, 6.69.Found: C, 62.42; H, 6.65; N, 20.36; S, 6.87 . 
2,4,6-triamine (9d)
From excess cyclohexylamine (2.3 ml, 20 mmol), compound (6d) (1.01 g, 3 mmol) and potassium carbonate (0.82 g, 6 mmol), compound (9d) was obtained as buff solid in the yield of (0.36 g, 25.9%), melting point (128-129°C H, 6.11; N, 22.65; S, 6.48. Found: C, 58.35; H, 5.93; N, 22.83; S, 6 .67.
General procedures for synthesis of compounds 10a-e
Excess ammonium hydroxide solution (25 ml, 28%) was added to (3 mmol) of the corresponding compound (7a-7e) and (0.82 g, 6 mmol) potassium carbonate. The reaction mixture was heated under reflux for (24-48 h). The reaction mixture was partitioned between methylene chloride (250ml) and and HCl (0.1 M, 500 ml). The collected organic layer was washed with dist. water (3x75 ml), brine solution (50 ml), dried over magnesium sulfate and then evaporated under vacuum to obtain the pure product of 10a, 10c and 10e. In case of 10b and 10d; evaporation of organic layer gives viscous residue which was dissolved in acetone. The acetone solution was left overnight in refrigerator and the precipitated solid product was then filtered and dried. Crystallization using aqueous ethanol was carried out for purification.
4-((4,6-Diamino-1,3,5-triazin-2-yl) amino)-4H-1,2,4-triazole-3-thiol (10a)
From excess ammonium hydroxide solution (25 ml, 28%), compound (7a) (0.79 g, 3 mmol) and potassium carbonate (0.82g, 6 mmol), compound (10a) was obtained as off-white solid in the yield of (0.271 g, 40.1%) after 48 h, melting point (141-143°C). , 26.66; H, 3.13; N, 55.97; S, 14.24. Found: C, 26.89; H, 3.35; N, 55.88; S, 13 .98.
4-((4,6-Diamino-1,3,5-triazin-2-yl )amino)-5-methyl-4H-1,2,4-triazole-3-thiol (10b)
From excess ammonium hydroxide solution (25 ml, 28%), compound (7b) (0.83 g, 3 mmol) and potassium carbonate (0.82g, 6 mmol), compound (10b) was obtained as buff solid in the yield of (0.26 g, 36.5%) after 36 h, melting point (114-116°C). From excess ammonium hydroxide solution (25 ml, 28%), compound (7c) (0.87 g, 3 mmol) and potassium carbonate (0.82 g, 6 mmol), compound (10c) was obtained as light rose solid in the yield of (0.25 g, 32.9%) after 48 h, melting point (208-209°C 
5-Butyl-4-((4,6-diamino-1,3,5-triazin-2-yl) amino)-4H-1,2,4-triazole-3-thiol (10d)
From excess ammonium hydroxide solution (25 ml, 28%), compound (7d) (0.96 g, 3 mmol) and potassium carbonate (0.82 g, 6 mmol), compound (10d) was obtained as reddish brownsolid in the yield of (0.27 g, 32.9%) after 24 h, melting point (229-230°C 
4-((4,6-Diamino-1,3,5-triazin-2-yl)amino) -5-phenyl-4H-1,2,4-triazole-3-thiol (10e)
From excess ammonium hydroxide solution (25 ml, 28%), compound (7e) (1.02 g, 3 mmol) and potassium carbonate (0.82g, 6 mmol), compound (10e) was obtained as buff solid in the yield of (0.29 g, 33%) after 48 h, melting point (271-273°C 
General procedures for synthesis of compounds 11a-11e
Excess cyclohexylamine (2.3 ml, 20 mmol) was added to a suspension of (3 mmol) of the corresponding compound (7a-7e) and (6 mmol) potassium carbonate in tetrahydrofuran. The reaction mixture was heated under reflux for (24-48) h. The solvent was concentrated under vacuum and the resulted dark brown viscous residue was suspended in methylene chloride. The organic solution was partitioned between methylene chloride (250ml) and HCl (0.1 M, 500 ml). The organic layer was washed with dist. water (3x75 ml), brine solution (50 ml), dried over anhydrous magnesium sulfate and then concentrated under vacuum. The product was precipitated from organic brown solution by adding acetonitrile drop by drop till no more solid was formed. The precipitated solid was separated by filtration and purified by crystallization from aqueous ethanol. 6-Bis(cyclohexylamino)-1,3 ,5-triazin-2-yl)amino)-4H-1,2,4-triazole-3-thiol (11a)
4-((4,
From excess cyclohexylamine (2.3 ml, 20 mmol), compound (7a) (0.79 g, 3 mmol) and potassium carbonate (0.82 g, 6 mmol), compound (11a) was obtained as buff solid in the yield of (0.35 g, 30.1%) after 48 h, melting point (165-167°C). From excess cyclohexylamine (2.3 ml, 20 mmol), compound (7c) (0.87 g, 3 mmol) and potassium carbonate (0.82 g, 6 mmol), compound (11c) was obtained as buff solid in the yield of (0.34 g, 27.4%) after 48 h, melting point (217-219°C). From excess cyclohexylamine (2.3 ml, 20 mmol), compound (7d) (0.96 g, 3 mmol) and potassium carbonate (0.82g, 6 mmol), compound (11d) was obtained as light brown solid in the yield of (0.34 g, 25.9%) after 24 h, melting point (153-155°C). 6-bis(cyclohexylamino)-1,3 ,5-triazin-2-yl)amino)-5-phenyl-4H-1,2,4-triazole-3-thiol (11e)
From excess cyclohexylamine (2.3 ml, 20 mmol), compound (7e) (1.02 g, 3 mmol) and potassium carbonate (0.82 g, 6 mmol), compound (11e) was obtained as buff solid in the yield of (0.35 g, 25.1%) after 48 h, melting point (167-169°C). , 59.33; H, 6.71; N, 27.07; S, 6.89. Found: C, 59.13; H, 6.63; N, 27.25; S, 6 .98.
4,6-dichloro-N-phenyl-1,3,5-triazin-2-amine (12)
To an ice cooled suspension of (1.84 g, 10 mmol) cyanuric chloride in methylene chloride (50ml), and (1.38 g, 10 mmol) potassium carbonate, aniline (0.93 g, 10 mmol) was added drop wise with stirring over a period of 2 h. After 4 h, the reaction mixture was partitioned between methylene chloride (250ml) and HCl (0.1 M, 500 ml).
The collected organic layer was washed with dist. water (3x75 ml), brine solution (50 ml), dried over anhydrous magnesium sulfate and then evaporated under vacuum to obtain the product as white solid in the yield of (1.73g ,71.7%), melting point (134-135°C) Excess ammonium hydroxide solution (25 ml, 28%) was added to (0.72 g, 3 mmol) of compound (12). The reaction mixture was heated under reflux for 4 h. A suspension of (0.82 g, 6 mmol) potassium carbonate in water was added drop wise. The reaction mixture was partitioned between methylene chloride (250ml) and HCl (0.1 M, 500 ml).
The collected organic layer was washed with dist. water (3x75 ml), brine solution (50 ml), dried over magnesium sulfate and then evaporated under vacuum to obtain the product as white solid in the yield of(0.48 g, 80.6%), melting point (204-205°C). (12) in tetrahydrofuran. The reaction mixture was heated under reflux for 4 h. A suspension of (0.82 g, 6mmol) potassium carbonate in tetrahydrofuran was added drop wise. After 4 h the reaction mixture was partitioned between methylene chloride (250ml) and HCl (0.1 M, 500 ml). The collected organic layer was washed with dist. water (3x75 ml), brine solution (50 ml), dried over magnesium sulfate and then evaporated under vacuum to obtain the product as buff solid in the yield of(0.66g, 60%), melting point (197-199°C 
Evaluation of cytotoxic activity against (A549) cancer cell line
Cell line
Human tumor carcinoma cell line (non-small cell lung carcinoma cell line (A549)) used in this study was supplied by the American Type Culture Collection (ATCC, Minisota, U.S.A.) and were maintained at the National Cancer Institute, Cairo, Egypt, by serial sub-culturing.
Cytotoxic activity test
A cryotube containing frozen cells (A549) was taken out of the liquid nitrogen container and then warmed in a water bath at 37 o C.The cryotube was opened under strict aseptic conditions and its contents were supplied by 5 ml supplemented medium drop by drop in a 50 ml sterile falcon tubes. The tube was incubated for 2h then centrifuged at 1200 rpm for 10 min. The supernatant was discarded and the cell pellet was suspended and seeded in 5 ml supplemented medium in T25 Nunclon sterile tissue culture flasks. The cells suspension was incubated and followed up daily. The supplemented medium was replaced every 2-3 days. Incubation was continued until a confluent growth was achieved and the cells were freshly sub cultured before each experiment to be in the exponential phase of growth. The medium was discarded and the monolayer cell was washed twice with 5 ml phosphate buffered saline. All the adherent cells were dispersed from their monolayer by the addition of 1 ml trypsin solution (0.25 % trypsin w/v) for 2 min.50μl of 0.05 % trypan blue solution was added to 50 μl of the single cell suspension. The cells were examined under the inverted microscope using the haemocytometer. Non stained (viable) cells were counted and the following equation was used to calculate the cell count /ml of cell suspension. Viable cells /ml = number of cells in 4 quarters X 2 (dilution factor) X 10 4 4
The cells were then diluted to give the required cell number for each experiment.
The cytotoxicity was carried out using Sulphorhodamine-B (SRB) assay (Vichai and Kirtikara, 2006) . Cells were seeded in 96-well microtiter plates at initial concentration of 3x10 3 cell/well in a 150 µl fresh medium and left for 24 hours to attach to the plates. Different concentrations 0, 5, 12.5, 25, 50, 100µg/ml of tested compounds dissolved in DMSO were added. For each compound concentration, 3 wells were used. The plates were incubated for 48 h. The cells were fixed with 50μl cold trichloroacetic acid 10% final concentration for 1 h at 4 o C.The plates were washed with distilled water and stained with 50μl 0.4 % SRB dissolved in 1 % acetic acid for 30 minutes at room temperature.
The plates were washed with 1 % acetic acid and airdried.The dye was solubilized with 100 μl/well of 10M tris base (pH 10.5) and optical density (O.D.) of each well was measured spectrophotometrically at 570 nm with an ELISA microplate reader (Sunrise Tecan reader, Germany). The mean background absorbance was automatically subtracted and means values of each tested compounds concentration was calculated. The experiment was repeated 3 times.
The percentage of cell survival was calculated as follows:
(treated cells)/ O.D. (control cells).
The IC 50 values (the concentrations of tested compounds required to produce 50% inhibition of cell growth) were graphically determined from the concentration-response curves. Methotrexate was used as reference compound. A triplicate experiment was performed for each compound.
Statistical analysis
Data were statistically analyzed using SPSS 21.0 program (SPSS, Chicago, IL, USA) (IBM Software, 2015) . The results are presented as mean ± standard deviation (SD). Differences between compounds were evaluated statistically using one-way ANOVA (Tukey's test) after normality of distribution had been evaluated by Bartlett's test. The difference was considered significant when P value less than 0.05.
Molecular docking
Molecular docking study was performed to investigate the binding affinities and interaction modes between the inhibitors and the target enzyme and correlate DHFR inhibition activities of the synthesized compounds to their chemical structures. Docking process requires a three dimensional (3D) structure of both protein and ligand. Structure-data file (MDL SD file) file format (*.sdf or *.sd) was used to save the three dimensional (3D) structures of all molecules that generated, cleaned and geometrically optimized using the ChemAxon ® MarvinSketch 5.1.4 (ChemAxon, 2014) in order to be readable by FlexX (BioSolveIT, 2014) . Library of methotrexate and newly synthesized target compounds was generated using Mona software (BioSolveIT GmbH, 2015) . Several structures of hDHFR are available in protein data bank (PDB), ID: 4M6K (Protein data bank, 2015) was chosen for its good resolution (1.40Å) and it bounds to its cofactor (NADP+) and its active ligand (folate). The chemical model underlying FlexX is based on the work of Böhm (Böhm, 1994) . The model can be divided into three areas: conformational flexibility, protein-ligand interactions, and the scoring function used for ranking the solutions generated. FlexX flexibly places ligands into the active site with an incremental buildup algorithm (pose clustering) (Rarey et al., 1996) . It starts with selecting a base fragment, which is placed into the active site based on superposing interaction points of the fragment and the active site (pattern recognition technique). The base fragment is then incrementally built up to the complete compound by modeling the ligand flexibility with a torsion library for the added components (Pan et al., 2003) . Placement of the ligand is scored based on protein-ligand interactions where, the binding energy for solutions generated is estimated, and placements are ranked (Van et al., 2007) .
FlexX module defines active site amino acids in the target molecule during the target preparation step and can specify atoms belong to the binding site. Enzyme components such as NADP+ cofactor is specified as a part of our protein which will occupy space in 3D during docking simulation. The active site for docking was determined as a sphere of all atoms within 8 A° radius of the co-crystallized reference ligand in the complex crystal structure of the enzyme. Protonation states and tautomer in the binding site are assigned automatically by FlexX and can be adjusted for ambiguous cases. Water molecules can also be managed here.
Assignments already have been calculated by an internal optimization procedure called Protoss. Protoss aims to optimize the hydrogen bond network of the binding site by taking residues, co-factors and the reference ligand as well as selected water molecules, into account but we can make manual adjustments to the hydrogen bond network using the expandable 'Residues', 'Waters' and 'Small Molecule' tables (Lippert and Rarey, 2009) .The screened 23 compounds were loaded in FlexX as docking library. Ligand binding driven by enthalpy and entropy hybrid approach is new recommended docking strategy usually generally applicable; combines 'classic triangle matching' with 'single interaction scan' (Jain, 2006) . Classic triangle matching tries to place the first fragment of ligand using 3 interactions; often good for hydrophilic ligand and may fail for ligands which cannot form three interactions, e.g., very small fragments and some steroids. Single interaction scan tries to place the first fragment of ligand using 1 interaction only. It takes little longer and is usually best for hydrophobic ligand, small fragment ligands (FBLD), and cases in which classic triangle matching fail (Rarey et al., 1996) .
Full score contribution threshold and no score contribution threshold was set as default to 0.30 and 0.70 respectively. The protein ligand clash (maximum allowed overlap volume) and intra ligand clash (clash factor) was set as default to 2.9 Å and 0.6 Å respectively in the docking considering hydrogen in internal clash tests. Stereo mode during docking was considered. Maximum number of solutions per iteration was set to 200 and maximum number of solutions per fragmentation was set to 200. Top 10 poses were kept. The LeadIT suite provides the FlexX-scoring function, which was used to find the initial best poses (Schomburg et al., 2012) . For final evaluation of the poses of the ligands affinity toward docked enzyme, the scoring function (Hyde) was used. Hyde is assessment facility of LeadIT software was implemented to report the free energy of binding (ΔG) and ligand efficiency of the best dock scored pose. Before rescoring, two optimization steps, which are part of the HYDE Module, were applied to each pose (Schneider et al., 2012) . In the first step, the software ProToss (Lippert and Rarey, 2009 ) optimizes the hydrogen bond network of the docking pose. The second step is a geometrical optimization of the pose in the active site minimizing steric clash and conformational strain energy of the ligand while maintaining good hydrogen bond geometries. HYDE is an empirical scoring function, which assesses protein-ligand complex by considering hydrogen bond interactions mainly and also hydrophobic and desolvation effects and provides estimation for the binding affinity (Schneider et al., 2012) . HYDE has a low dependence from the size of the docked compound making size correction factors unnecessary (Pan et al., 2003) .For scoring analysis; the best FlexX and HYDE score for each compound was taken and compared to the scores of the other compounds and methotrexate. Each compound that has a final score higher than or near to the score of methotrexate (also docked and scored) of the enzymatic reaction is estimated as having an inhibiting impact on the enzymatic reaction.
RESULTS AND DISCUSSION
The first series of target compounds, series A, contain 4-(4-substituted phenyl)thiazole-2-amine linked to the 1-position of the triazine ring. 2-Aminothiazole derivatives (1a-c) were synthesized by reacting α-bromoacetophenone derivatives with thiourea as shown in Scheme 1 (Metwally, 2004) .
Alternatively, 2-aminothiazoles derivatives (1d-e) were obtained by condensation reaction between acetophenone derivatives and thiourea in the presence of iodine (Scheme 2) (Rajmane et al., 2013) . The second series of target compounds, series B, contain 5-substituted-4-amino-s-trizole-3-thiol linked to triazine ring. Two different strategies were used to prepare the 5-alkyl-4-amino-s-trizole-3-thiol and the 5-phenyl-4-amino-s-trizole-3-thiol derivatives. Firstly, 5-alkyl-4-amino-s-triazole-3-thiol derivatives were synthesized as shown in Scheme 3. Hydrazine hydrate was reacted with carbon disulfide to afford thiocarbohydrazide (2) in high yield. The corresponding aliphatic monocarboxylic acids were cyclized with thiocarbohydrazide to give the alkytriazole drevatives (3a-d) respectively. Secondly, 5-phenyl-4-amino-s-triazole-3-thiol was synthesized as shown in Scheme 4.
The nucleophilic substitution reaction between ethyl benzoate and hydrazine hydrate afforded benzhydrazide (4). The addition reaction between benzhydrazide and carbon disulfide was achieved successfully by using alcoholic potassium hydroxide to give benzoyldithiocarbazate (5). Finally, benzoyldithiocarbazate was cyclized with hydrazine hydrate to afford compound (3e).
Scheme 1.Synthesis of 2-aminothiazole derivatives (1a-c).
Scheme 2.Synthesis of 2-aminothiazole derivatives (1d-e).
Scheme 3. Synthesis of 5-alkyl-4-amino-s-triazole-3-thiol derivatives (3a-d).
Mono-substituted triazine derivatives
The first and the most reactive chlorine atom on cyanuric chloride was substituted with the synthesized heterocyclic amine derivatives (1a-e), (3a-e) or aniline at room temperature to afford the intermediates (6a-e), (7a-e) and (12) respectively as shown in Schemes (5, 6 and 7) respectively. Dichloromethane was the best solvent and K 2 CO 3 was added to neutralize the evolved HCl in order to avoid salt formation of the product (Kolmakov, 2008) . The synthesized intermediates were characterized by 1 HNMR spectroscopy which showed the characteristic peaks for eachproton. In series A (6a-e), 5-CH proton on the thiazole ring appeared between 6.7 ppm and 7.2 ppm. In series B (7a-e), characteristic SH proton appeared down field around 12.5 ppm. Singlet NH beak appeared between 7.6 ppm and 8.9 ppm in both series.
Synthesis of tri-substituted triazines (target compounds)
Aiming to synthesize our target compounds of group A, B and model compounds, nucleophilic substitution of the remaining two chloride atoms was the last step. Different strategies have been tried for the synthesis of our target compounds by controlling the temperature, time, and optimization of variables, such as solvent and base. The correct order of addition of nucleophiles should be followed, taking in consideration the decrease of reactivity with the number of substituents (Afonso et al., 2006) . The substitution of the remaining chloride atom with amine required considerably more vigorous conditions (Mathias et al., 1994) .
However, the substitution of chloride atom by primary amines was achieved in moderate yield by refluxing the solution in the presence of an excess of the corresponding amine. Other attempts to react with more hindered amines as for example secondary amines under these conditions were unsuccessful (Afonso et al., 2006) . Different solvents were used in many reported procedures (Kolmakov, 2008; Solankee et al., 2010) such as 1,4-dioxane, acetone, methylene chloride, tetrahydrofuran, dimethylformamide (DMF) and water. We have tried these solvents in each step of the reaction and methylene chloride was the most suitable for the first step in both series. Solvent with high boiling point was most suitable for heating under reflux for the second step because the substitution of the third chlorine atom in 2,4,6-trichloro-1,3,5-triazine was not an easy task (Mikhaylichenko et al., 2009) . In the synthesis of compounds (9a-e and 11a-e), tetrahydrofuran was used as a solvent but in case of compounds (8a-e and 10a-e) water was used. It was not necessary to carry out the reaction of cyanuric chloride with ammonia or amines under anhydrous conditions. The use of an aqueous system did not cause noticeable hydrolysis of the triazine product (Kaiser et al., 1951) .
Scheme 5.Synthesis of series A intermediates (6a-e) and target compounds (8a-e, 9a-e).
The reaction in water was incomplete unless cyanuric chloride was used in a finely divided state (Thurston et al., 1951) . Excess of the amine or adding a base such as sodium hydroxide, sodium carbonate, potassium carbonate or sodium bicarbonate could be used to neutralize the hydrogen chloride formed during each step of the reaction (Kaiser et al., 1951; Thurston et al., 1951) .Ammonia and cyclohexylamine were used in excess to replace the two chloride atoms in intermediates (6a-e), (7a-e) and (12) using THF as solvent and heating under reflux under basic condition to afford target compounds (8a-e), (9a-e), (10a-e), (11a-e), (13) and (14) respectively as shown in Schemes (5, 6 and 7). This reaction was unsuccessful when equimolar amounts were used in methylene chloride. Isolation of the product by extraction using acidified water: dichloromethane (2:1) was a good strategy to remove excess amine or any salt formed and afforded pure products after evaporation of organic solvent under vacuum. Recrystallization of the solid products from suitable solvent afforded pure compounds.
Scheme 6.Synthesis of series B intermediates (7a-e) and targetcompounds (10a-e) and (11a-e).
The synthesized target compounds were characterized by 1 H-NMR and elemental analysis. The synthesized compounds showed characteristic peaks for each proton in 1 HNMR spectra. In series A (8a-e) and series B (10a-e) compounds, the spectra were characterized by the singlet peak that represent the four protons of the free amino groups (2 x NH 2 ) which appeared between 2.7 ppm and 3.5 ppm. In series A (9a-e) and series B (11a-e) compounds, the spectra were characterized by the protons of cyclohexyl groupthat appeared upfield as a multiplet between 0.9 ppm and 1.7 ppm. The elemental analysis results for the new synthesized compounds were within the accepted limits (± 0.4 %) relative to the calculated values. 
Evaluation of cytotoxic activity of target compounds
In keeping with our scope of investigation, the target novel compounds were evaluated for their cytotoxic activity in vitro using non-small cell lung cancer cell line (A549). Many facts should be considered. First, DHFR enzyme is responsible for synthesis of tetrahydrofolate which is a cofactor necessary for DNA synthesis and repressed expression of DHFR induces cell cycle arrest in human cell lung cancer (A549) (Liado et al., 2009) . Second, MTX (X) was reported to be clinically useful DHFR inhibitor (Neradil et al., 2015) and is frequently used in the treatment of cancer (Abolmaali et al., 2013) . Finally, the antitumor activity represented as IC 50 of MTX (X) was determined in 6 different cancer cell lines and was in an extensively broad range from 6.05nM to more than 1,000 nM. The osteosarcoma (Saos-2) (IC 50 ＞1,000 nM) and breast cancer (MCF-7) (IC 50 =114.31 nM) cells were the most resistant to MTX (X). In contrast, the gastric cancer (AGS) and colon cancer (HCT-116) cells were highly sensitive to MTX (X) with IC 50 of 6.05nM and 13.56nM respectively.
The two non-small cell lung cancer cell lines, (NCI-H23) and (A549) cells demonstrated similar sensitivity to MTX (X) with IC 50 = 38.25nM and 38.33 nM respectively (Yoon et al., 2010) . These findings encouraged us to evaluate in vitro the cytotoxic activity of our target compounds against non-small cell lung carcinoma (A549) cell line using MTX (X) as a reference compound. A549 cell line was widely used as in vitro model for type II pulmonary epithelial cell model for drug metabolism (Sporty et al., 2010) . The significance of this search was to develop novel non classical anticancer compounds against lung cancer. The results of single dose experiment (100µg/ml) of synthesized compounds performed on non-small cell lung carcinoma cell line (A549) are represented in Tables (1-3) . Compounds showed percent inhibition less than 70% are considered inactive as cytotoxic agents (Al-Omar et al., 2005) . For (series A) compounds (Table 1) , compound (9a) was the most active compound. Four compounds (8a, 8e, 9a and 9e) were more active than MTX while compounds (8c and 8d) were equipotent to MTX. Compounds (8b, 9b, 9c and 9d) were considered inactive against lung cancer cells as they had a lower cytotoxic activity than MTX. In case of group B target compounds (Table 2) ; compound (10e) was the most active compound.
Eight compounds (10a-e, 11b, 11c and 11e) had a higher cytotoxic activity than MTX against lung cancer cells. Compounds 11a and11d were considered inactive against lung cancer cells as cytotoxic agents. In case of model compounds (Table 3) , compound (13) was active while compound (14) was inactive as cytotoxic agent compared to MTX. Interestingly, compound 9a was the best in term of potency against non-small lung cancer cell among the members of this group of inhibitors. As expected, out of the twenty novel synthesized compounds there were twelve compounds showed higher cytotoxic activity than MTX. Two compounds were equipotent to MTX while six compounds were considered inactive. 10a  28  72  10b  27  73  10c  28  72  10d  27  73  10e  25  75  11a  33  67  11b  28  72  11c  28  72  11d  35  65  11e  26  74 These results reflect that, series B of synthesized compounds were more active than series A and model compounds. The presence of free amino group on triazine ring enhanced the cytotoxic activity as all compounds in series B having free amino group as well as model compound (13) were more potent as cytotoxic agent than MTX.
Single dose experiment results were statistically analyzed using SPSS 21.0 program (IBM Software, 2015) . Differences between compounds were evaluated statistically using one-way ANOVA (Tukey's test) after normality of distribution had been evaluated by Bartlett's test. The difference was considered significant at P <0.05, and high significant at P <0.001.Statistical analysis (Figure 2 ) revealed that most of the synthesized compounds showed non-significant difference in their cytotoxic activity relative to MTX except compounds 9b, 9c and 9d.The values of IC 50 for the most active compounds in each group (8e, 9a, 10e and 11e) (Table 4) were extracted from the graph using Graphpad Prism V6.01 software (GraphPad Software, 2015) . 
Evaluation of drug likeliness
The drug likeliness was evaluated using the Lipinski rule of 5 via Lipinski drug filter protocol (Lipinski, 2004) using Mona software (BioSolveIT GmbH, 2015) . Our synthesized target compounds with anticancer activity passed the Lipinski rule of 5 and have properties that would make it a likely orally active drug in humans.
Molecular docking study
Molecular docking study was performed on synthesized compounds along with the reference molecule, methotrexate, into human DHFR enzyme using FlexX module in LeadIT 2.1.8 software-package (BioSolveIT GmbH, 2014). The 3D structure of hDHFR was studied and was available in the PDB (4m6k) (Protein data bank, 2015). Pose view was the only tool known from the literature that deals with the problem of automatic generation of 2D depictions of complexes. Pose view was operated on a fast tree re-arrangement algorithm to minimize crossing lines in the sketches and was performed well on complexes with ligands which had a molecular weight less than 600 Da (Stierand an Rarey, 2010) .
Compounds of series A (8a-e) and series B (10a-e) which contain free amino groups on triazine ring showed interaction pattern in the active site of hDHFR mimic that of MTX as shown in Figures (3-5) .In case of series A compounds (8a-e), the two amino group on triazine ring mimic the two amino groups on pteridine ring of MTX in forming hydrogen bonds with a conserved key amino acid residue, Glu 30 (Stockman et al., 1991) , and the backbone carbonyl oxygen atoms of Ile 7 and Val 115. Hydrophobic contact of thiazole and phenyl rings with Phe 31, Phe 34, Ser 59 and Ile 60 resembled that of p-aminobenzoic acid moiety of methotrexate (Figures 3,4) .
Compounds of series B (10a-e) showed interaction similar to series A (8a-e) and MTX as shown in Figure 5 . In case of compound (10e) free amino groups on triazine ring form hydrogen bonds with Glu 30, Ile 7 and Val 115 amino acid residues. Triazole ring and the substituent at 4-position of the triazole ring either aliphatic or aromatic made hydrophobic contact with amino acid residues Phe 31, Phe 34, Thr 56, Val 115, Ile 60, Ala 9 and Leu 67. The larger the substituents on the triazole ring the stronger were the hydrophobic contact with the active site ( Figure 5 ). The strong hydrophobic contact explains the higher cytotoxic activity of compound 10e compared to other compounds in series B (10a-e). Considering series A (9a-e), compound 9e with a nitro group on phenyl ring formed a hydrogen bond with amino acid residues Arg 70 which mimic the interaction of glutamate tail of MTX with hDHFR active site as shown in Figure  6 . Compounds containing methyl, methoxy or chloride substitution on phenyl ring showed lower activity because these substitutions were lipophilic in nature and disfavored in this position. Regarding to compounds of series A (9a-e) and series B (11a-e), The two lipophilic cyclohexyl groups showed remarkable hydrophobic contact with Pro 61, Ser 59, and Ile 60 residues as shown in Figure  6 . Interestingly, the presence of two cyclohexyl groups critically enhanced the potency of these analogs by blocking the lipophilic pocket entrance of the active site. Careful consideration of compounds in series B (11a-e) revealed that the substituted triazole ring was comparable to the substituted thiazole ring in series A (10a-e) and can access deep in the active site of the enzyme. In series B (11a-e), the activity increased by increasing the number of carbons of alkyl group at 3-position of the triazole ring due to hydrophobic interaction. The absence of or too long alkyl group was associated with decreased activity as observed for compounds 11a and 11d.
The optimum binding interaction with active site was observed when the substituent on the triazole ring was the phenyl ring which resulted in the most active compound (11e). It was noticeable that all members of this series showed hydrogen bonding between the two nitrogen atoms of the triazole ring and Asn64 residue like that of glutamate tail of MTX as shown in Figure 7 . These results explained the higher activity of series B (11a-e) than series A (9a-e). Compounds (9b-d) did not only lack the hydrogen bonding with Arg70 or Asn64 which resembles glutamate tail of methotrexate but also showed disfavored hydrophobic substituent that making them the least active compounds in all series. Regarding to model compound 14, it is similar to compound 11a in active site interaction and cytotoxic activity but they differ only in that; in compound 11a, triazole ring make a hydrogen bonding with Asn64 that cannot formed in compound 14, as shown in Figure 8 . This difference explained the difference in activity between compound 14 and 11a. 
CONCLUSION
Two novel series of triazines have been synthesized and evaluated for their cytotoxic activity against non-small cell lung carcinoma cell line (A549).
Our target compounds demonstrated significant anticancer activity against lung cancer compared to methotrexate. Out of twenty two synthesized compounds, there were thirteen compounds showed higher cytotoxic activity than methotrexate.Compounds,8e, 9a, 10e and 11e were found to be the most potent compounds from both series with a promising cytotoxic activity against lung cancer. Docking study of the synthesized compounds and hDHFR explained the activity differences among the studied compounds taking methotrexate as a reference compound. Docking study demonstrated that some of our target compounds interact with the active site of hDHFR similar to methotrexate. 
